Ultraviolet light-emitting diodes (LEDs) with wavelengths less than 300 nm are of considerable technological significance. They are potential alternatives to the existing gas lasers and mercury lamps in applications such as disinfection, air and water purification and biomedicine where the latter encounter difficulties due to their high operating voltages, low efficiency, large size and toxicities. [1] They also promise high density optical data storage and high-resolution photolithography. [2] Wide gap semiconductors, diamond (E g =5.5 eV) and AlN (E g =6.2 eV) are the two most studied materials for such LEDs and AlN is particularly favored due to its direct gap band structure and subsequent high light-emission efficiency. Diamond as well as AlN based LEDs have been fabricated recently. [3, 4] However, in view of their low efficiency and high operating voltages, further developments are still required to improve these two LEDs to the point where they can be used as devices. [5] Fabrication of a homo-structured LED requires both p-and n-type doping of a semiconductor. Unfortunately, the asymmetry dopability of wide gap semiconductors makes the fabrication of LEDs very difficult. The asymmetry dopability means that a wide gap semiconductor can be either p-or n-type doped,but not both. [6] AlN can be easily n-type doped with Si. However, p-type AlN is of great challenge. The most promising acceptor for AlN is Mg. Yet, the activation energy (E A ) of the Mg acceptor in AlN is 0.5 eV. [7, 8] It is therefore reasonable to believe that the hole concentration of Mg-doped AlN can be improved using a similar approach. In this letter, we investigate the effect of atomic oxygen on the activation energy of Mg acceptors in AlN by first principles electronic calculations based on density functional theory (DFT). We first study the possibility of the formation of Brillouin zone sampling. The ion-electron interaction is described by Vanderbilt ultrasoft pseudopotentials [17] with local density approximation (LDA) for the exchange-correlation potential. The electron wave function is expanded in plane waves with a cutoff energy of 400 eV. These parameters ensure a convergence better than 1 meV for the total energy. In all the doped supercells, atomic coordinates are fully relaxed using the conjugate-gradient algorithm [18] until the maximum force on a single atom is less than 0.03 eV/Å. 
where E is the total energy of the system indicated in parentheses. A negative ∆ (n+1)
suggests that the Mg n+1 -O complex is energetically favorable and stable while a positive ∆ (n) suggests that Mg n+1 -O cannot form. The calculated ∆ (n) are summarized in Table I . However, for such a codoping the growth condition should be chosen carefully. This is because under thermal equilibrium the formation energies of Mg n O complexes will be rather high. The formation energy is given by:
where the E tot def ect (q) is the total energy of the supercell containing the defect, E tot (bulk) is the total energy of a similar supercell containing the pure crystal, n i is the number of atoms that is involved in the formation of the defect with µ i being the corresponding chemical potentials. E f is the Fermi energy which is set to zero at the valence-band maximum 
where ∆H(MgO)=-6.69 eV from our calculation. Energy (eV)
